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ABSTRACT 


This thesis investigates the performance analysis of a non-coherent Binary 
Frequency Shift Keying (BFSK) receiver using Selection Combining techniques over a 
frequency non-selective, slowly fading Nakagami channel. These techniques are 
independent of the number of diversity branches, so simpler receivers can be employed. 

First order selection Combining (SC), second order Selection Combining (SC-2) 
and third order Selection Combining (SC-3) techniques are evaluated and compared to 
each other. Numerical results show that the performance improves as the order of 


Selection Combining techniques increases. 
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I. INTRODUCTION 


A. BACKGROUND 


Diversity is a well known technique that may be used to reduce the effects of channel 
fading. Fading is produced when there is interference between two or more versions of the 
transmitted signal arriving at the receiver at different times [2]. When a diversity technique 
is used, we transmit or receive several replicas with the same information. In this way we 
reduce the probability that all replicas of the signal will fade simultaneously. So the 
demodulation of the information at the receiver can be done using the more reliable replica 
of the signal. We can employ various diversity techniques. The most well known ones are 
frequency, time and space diversity. 

In frequency diversity the information is transmitted on L different carrier frequencies. 
Here the separation between the carriers must equal or exceed the coherence bandwidth (4 if). 
of the channel. The coherence bandwidth (4/), is defined as the range of frequencies over | 
which two frequency components have a strong amplitude correlation [2]. 

In time diversity the information is transmitted L times. Here the separation between 
the access time slots _ equal or exceed the coherence time (4t), of the channel. The 
coherence time (4t). is defined as the time duration over which ‘6 received signals have a 
strong amplitude correlation [2]. 

In space diversity a single transmitting antenna and several receiving antennas are 
employed. These receiving antennas must be placed at least 10 wavelengths apart from each | 


other, so that the multipath components in the signal have different propagation delays at the 


antennas. 
There are also some other types of diversity such as angle-of-arrival and polarization 
diversity. But generally frequency diversity, time diversity and space diversity are employed. 
At the receiver we use some diversity combining techniques like Equal Gain 
Combining (EGC) and First, Second and Third Order Selection Combining (SC-1, SC-2, and 
SC-3 respectively). The different orders of Selection Combining techniques are investigated 
in this thesis for noncoherent Binary Frequency Shift Keying (BFSK) signals in a slowly 


fading Nakagami-m channel. 


B. NAKAGAMI FADING CHANNEL 


- In this thesis, the received signal’s amplitude is assumed to be a Nakagami- m random 


variable and its probability density function is given by [1] 





£(a)= ya exp) 
a T (m) Q Xp Q > ( ) 
where @ > O and 
— 2% si 
var{a*} 2 ; (2) 
and where 
Q =E {a*} , (3) 


The function /(m) is defined as 











ie 4 


[(m) = | t”” exp(-1)dt . (4) 
0 
By changing the m-parameter of the Nakagami distribution we can model different 
environments. For example, for m=1 we have the Rayleigh fading channel and for m=0.5 we 
have the one-sided Gaussian fading distribution. Finally, as m tends to infinity the channel 


becomes non-fading. 


C. NON-COHERENT BFSK RECEIVER FOR SC TECHNIQUES 

Fig. 1 shows the block diagram of the non-coherent BFSK receiver used for the 
Selection Combining techniques [1]. Depending on the order of Selection Combining that is 
employed, we choose the signals with the largest amplitudes. For example, if we want to 
employ Third Order Selection Combining, we choose components with the first three largest 
amplitudes. Then we combine these signals into one signal, as is described in the next chapters 
and pass the resulting signal to the demodulator. For the binary orthogonal modulation 
scheme ,as we employ it, non-coherent detection should be performed. Thus we use a square- 


law detector to demodulate the signal [1]. 


In BFSK when data bit b,=1 is transmitted the waveform v’” (t)is given by the 


expression 


2 
y® (t) = Ay Zcos(2e fi + 6), O<¢t< 7 


0, elsewhere 


: (5) 


Choose the 
Largest 
Amplitudes 
depending 


on SC order 





Figure 1. Non-coherent BFSK receiver for SC techniques 











where AV2/T is the amplitude of the signal, 7 is the bit duration, f, is the carrier 
frequency and @, is the signal phase. 


When data bit b,=0 is transmitted the waveform v‘’’(t) is given by the expression 


2 
y(P) = Ay cos(2x fy +6) OstsT 


0, elsewhere 


where again AV2/T is the amplitude of the signal, 7 is the bit duration, 6, is the signal 
phase and f, is the carrier frequency. The two frequencies must have such values that the 
two waveforms are orthogonal over the interval [0,T] hence the minimum frequency spacing 


must be 





l 
»-fi=- . (7) 
f,- f= 5 
The actual received signal in the above time interval is 
rV-(t)= aVl(t)+ nt) i=1,2 (8) 


where a is the Nakagami-m random variable whith probability density function given by (1) 


and n(t) is white Gaussian noise with power spectral density 


o7 = 


nw 


Ny 
: (9) 





Assuming now that data bit b=1 is transmitted, the in-phase outputs of the receiver are 


Y,, = aAcos6, + n,, = aE, cosé, + n,, 


and 


Y, 2¢ ~ Ny, 
where E, = A® is the average energy per diversity bit and 
T 
Z 
n,, = {2 cos(2z f,t)n(t)dt 
0 


and 


: 
n,, = 7 C082 fyt)n( ede 


The quadrature outputs for the receiver are 


Y,, = aAcos6, +n,, = aE, sind, + n,, 


and 


where 


n,, = | Zsint2= fond 


and 


ny, = [ Finan fot)n(t)at 


(10) 


(11) 


(12) 


(13) 


(14) 


(15) 


(16) 


(17) 











All the above random variables 1,,7”,,1;,M>, are independent, identically distributed, zero 


mean, Gaussian random variables with variances o,”. At the two branches we have 


V, = ¥24¥?=(a [E cos@, +n,,)? + (a,JE, cos, + n,,)° (18) 
and 


2 2 2 2 
V, = bo, a3 Yo. - Ny, € Ny, (19) 


Finally at the output of the BFSK demodulator we have 


veh, -¥, | (20) 








Il. SELECTION COMBINING 


Selection Combining (SC) is a diversity combining technique where the signal with 
the largest amplitude, or largest signal-to-noise ratio, in Z diversity branches is selected. Thus 
the decision variable for the selection combining technique is defined as 

Y= MAX {71,7 95---1 13 : (21) 
where the signal-to-noise ratios per diversity channel y, (K = 1,2,...,L) are independent, 
identically distributed random variables with a Nakagami- m probability density function as 


defined in Chapter I. The receiver with selection combining is shown in Fig.2. From the figure 


we see that SC is a predetection combining technique. 
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Demodulator 


{0,1} 


Figure 2. Receiver for selection combining. 


A. PROBABILITY DENSITY FUNCTION OF THE DECISION VARIABLES 


The probability density function of 7, is given by [1] 





m” m 
te, Y= ee, PC 2s ) > (22) 
['(m) V« Ve 
—— & 
where ~ y¥,=0 N, (23) 


is the average signal-to-noise ratio per diversity channel. Let the average signal-to-noise 


ratio per bit be 7, , then we have 





ss — (24 
Ve= Fy (24) 
So the probability density function becomes now 
m” L™ ee my_L 
fp. 0) = ern” e- =) , (25) 
[(m) 7. YB 
The cumulative distribution function (cdf) of the above pdf is 
F,,0)= | fr, 0.47 - (26) 
0 


Substituting (25) into (26) we get 
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r, (4) = : _ 7,” exp(- Lin) dy, 
ol (m) 7, B 
m” [” a, KX) 7 
= T= tiaee v4 xp -_ VY 
(mM) 7, ; : 


1a: | | 7) 


We can eliminate the integral using the following expression [3] 


| x” Texp(-u x)dx = uw" g(v, pu 4) > (28) 
0 


where the real part of v must be greater than zero. The g-function is defined as [3] 


g(a,x) = | exp(—-1)t7 ‘dt (29) 


where the real part of a must be greater than zero 


Applying (28) and (29) in (27) we have 


mpm 


mL mL __ my L 
F,, (¥) = a =) "8, —) 


Tim 7, V3 


; (30) 
where 


BS] 
|S 


my L 


B 





7B 
g(m,——) = | exp(-at" "dr 
0 


(31) 
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We can simplify (30) as follows 


Fec)= Tomy 8 i , (32) 


Now we can define the probability density function for the largest signal-to-noise 


ratio y in (21) using the expression [9] 


A. O=LAOLE OY , (33) 


Substituting (25) and (32) into (33) we have 


m+il_oom 


f-Y= iromyy," “exp(- = 


my , (34) 





B. BIT ERROR PROBABILITY 


The bit error rate expression of BFSK for a fading channel, conditioned on the 


signal-to-noise ratio y, is given by [1] 


P,(y) = = exp(- ) | (35) 


In order to obtain the error probability expression of BFSK for the Nakagami- m fading 


channel, we use the following integral 


P, =(P Say (36) 


12 








Substituting (34) and (35) into (36) we have 


sa) m+1_oom 


1 cm mle 
Fe men 





L™ n™ «© 


UF Gm) 7,” 2 


13 








[x expl-7- Gt [e(m, = ; 


“Ey ‘dy 


Loy ay | (37) 











Ill. SECOND ORDER SELECTION COMBINING (SC-2) 


For second order selection combining (SC-2) we use the two largest amplitudes as 
decision variables from the L diversity branches. Thus the two decision variables for SC-2 are 
defined as 


Vy = max {71,7 25---.7 13 
V, = second max {7,,7,,---,7;3 : (38) 


where the signal-to-noise ratios per diversity channel y, (k = J,2,...,£) are independent, 
identically distributed random variables with a Nakagami- m probability density function as 
defined in Chapter I. This technique is a predetection combining technique with the receiver 


shown in Fig. 3. 














Choose the 
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Largest 
Amplitudes 





Demodulator {0,1} 


Figure 3. Receiver for the second order selection combining. 
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A. PROBABILITY DENSITY FUNCTION OF THE DECISION VARIABLES 
The probability density function of y, is given by (25). Since we have two decision 


variables, we have to define their joint probability density function [9] 
Sy y, (V,,¥,) = L(L- Df, (v, Tr (v, LF, (v, ) ; (39) 


where Vv, 2 V, .The selection combiner output + is 


y=v,tVv, (40) 


Now we must derive a probability density function for the random variable y.The 


cummulative probability function for the random variable y is defined as [9] 


v/2 7-v% 


F.(y)= | | fir, O.¥2)av,av, : (41) 


0 


Substituting (39) into (41) we have 


F.G@)= |] JLL-DL, ODA, OIA, Cady, (42) 


The cummulative probability function F,(v,) is defined in (32) in Chapter I. So substituting 
(25) and (32) into (42) we get the following expression for the cummulative probability 


function 


16 











y/2 ¥-V4 | ba 

















mv.L m”L” 
R=) {| Mi) ee a 
0 », > ) Vp Ye T(m)y; 
my,L i mviL 
x v9" exp(- 2) ——5 [e ——))"? dy dv . (43 
2 V IT (m)\" 2 f 1 2 ( ) 
Simplifying and separating the integrals we have 
m™ y2" i iy v, L 
Fi (y) = L(L- )——_ =a J} -exp(-— )dv, } 
[T (im yl ° 0 vo Ve 
” exp(-— wy g (m, may} de, _ (44) 


B 


The internal integral can be expressed in a simpler way using (29) as 

















er my, L ce my, L 
| v,"~ exp(- —==—)dy, = | vy,” exp(- —==—)dy, - 
V B 0 B 
Vy L 
- | ¥" exp(- —=4—)d, = 
0 
23 my - v,)L my. L 
(—) [g(m,——= +) - m,—== (45) 
B 
Substituting (45) into (44) leads to 
mI" Te m(y -v,)L mv,L 
F.(y) = L(L- )-——— =, | [g(m, =) - am, =] 
: [T (m sath | te Ys 
™ exn(—-— m,— Ba el a (46) 





The probability density function corresponding to the above cummulative density function 


is obtained as follows 
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d 
t-Y)= ay lr (7 )] 




















(47) 
Substituting (46) into (47) we have 
m”™” [™ re = ¥)L mv, L 
KL - 1)}——_—— 2). 2 
Fi(7)= 1 a OF aH rr [gm )- 
1 exp(—— my *dv,} = 
m”™ L” d m(y - V,)L a ee eae 
= L(L- omy oo ——— 
are a [me 
x¥/2 L 
™ exp(— = -< { Let yy, 
x exp(- — (48) 
Now we use Leibnitz’s rule, given by 
+ 
dl { FA ,xa2] 
2) = ) da), “Paf(Z.x) (49) 
RT FONG FAC. G + | a 
Using (49) expression (48) becomes 
m”™ L” my L L-1 § m-1 
= L(L- 1Il)—— Tt fe ss = 
folr)= UL-) a lem) hs 
y/2 
x exp(- Ten) 0+ | v2"  exp(-= my ie 


my a »)L us L-1¢/ \m-1 
xX 5, (em ae, = gin! —s yr"¢ ‘ 





my L 
x exp(— + 0- 0} = 
B 
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m” 1” y/2 


mv,L mv, 
= LL- ) ve eee —__2 \yL-2 
ir (m)\" 75° |»: =r Ys igi, M 
Footy MY MDE 
Oy (g(m,———)) dv, - 


Now employing again the Leibnitz’s rule at the last derivative and using (28) we have 








m (y—v2)L 
jy (em Tay : = ! exp(-t)t"" dt) = 
aad OY Mi AL i OL 
VB B VR 
if -~v,)L ~v,)L., 
eg (51) 
VB ia: VB 
Using (51), the expression (50) becomes 
2m 72m+l my L y/2 a 
(y) = (L- 1)" exp(- - 
fr7)= (E-D e H) (v,(y -¥,)) 
mviL L-2 
x [g(m, =)? av, 
| Ve 
(52) 


B. BIT ERROR PROBABILITY 


The bit error rate expression of BFSK with second order selection combining, 


19 


conditioning on the signal-to-noise ratio y in (40), is given by [9] 


] 
Pay) = sfexp(- S)M4 +5) 83) 


In order to obtain the error probability expression of BFSK for the Nakagami- m fading 


channel with SC-2 technique, we use the following integral 


x 


P, = | P3(1) fe (yay | (54) 


Substituting (52) and (53) into (54) we have 


P, = (L- en ae 7 Ane ae loa 
8it(m]'y, 0 7 2 4s 
As my 


L 
« {| (e(7 -».))""La(m a MY" av, Jy | (55) 


0 B 
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IV. THIRD ORDER SELECTION COMBINING (SC-3) 


For third order Selection Combining (SC-3) we use the three largest amplitudes as 
decision variables from the L diversity branches. From L independent, identically distributed 
random variables, the three decision variables for SC-3 are defined as 

V, = max EV 10 a9---0123 


V, oF second max Witisesl is (56) 
V, = third max {7 ,,75,.--.V 13 


where y, (k = 1,2,...,.L) are independent, identically distributed random variables with a 
Nakagami- m probability density function as is defined in Chapter I. Again this technique is 


a predetection combining technique and the respective receiver is shown in Fig. 4. 
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Amplitudes 





Combiner 


Figure 4. Receiver for the third order Selection Combining 
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A. PROBABILITY DENSITY FUNCTION OF THE DECISION VARIABLES 


The probability density function for each y. is given by (25). Since we have three 


decision variables, we have to define their joint probability density function [9] 


Sov, v, V12V20V3) = LOL - IL - 2)f,, (v3) fr, (v2) fr, (v,) 


x [Fr (V3 )) ; (57) 


where V, 2 V, 2 V, .Now since the selection combiner output 7 is 


ieee sea ane (58) 


we have to derive a probability density function for the random variable y. The cummulative 


density function for y is defined as [9] 








A rs Saab Sade 
FY)=| [| tins M¥2.¥s)dv,40,0, (59) 
0 V3 Vo : 
Substituting (57) into (59) we have 
yo 9-%3 
3 2 Pda Gs seal | 
F@=f J | LL-)L-2Dh, ODS, Crfr, OM) 
0 V3 Vo 
x [Fr )° dv, dv, dv, (60) 


Substituting (25) and (32) into (60) we have 
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y FN3 
3 2 iy i m™ [™ oe mv.L 
FQ)=| fo J L&-)L-2——, v,"" exp(-=>) 
0 V3 V5 (my ; } B 
. ee v,”? exp(- Malan ai ee v,”" exp(- ink 
C(m) 7; Ye V(m)y, Vp 
1 mv,L 
x ——_ [g(m, ==—)]° av,dv, dv 
[Tim] Vp es (61) 
Simplifying and separating the inner integral we get 
ne Gti | 
m” t ha = 4 ¥—V2—V3 
Fry) = L(L-XL-2)—~ ae | J tJ 
[T (m)\" 7 0 V3 
mv,L a mv,L mv,L 
x exp(-—==—)dv,} v;""' exp(- ==) v,"" exp(- —==-) 
YB a: a: 
mvil_,- 
x [g(m,—=)]"? dv, dv, (62) 
VB 
Using (28) we can eliminate the inner integral as follows 
ae as mv,L a mv, 
y,""" exp(- =) dv, = | y,”"" exp(- =) dy, - 
Yo YB 0 YB 
- | v,”* exp(- ==) dv, = 
0 B 
= my — V, — V3)L 
= (=—)"'ls(™, = )- g@2,—==—)] (63) 
B VB 


So using (63) the expression (62) becomes 






























































i f=%3 
2m 72m 3 m y y y i 
Ry)= b-XL-9—— | ftom My 
(m7, 0 », YB 
pas mv,L. myv,L 
exp(- =!) v,""" exp(- =>) 
a: VRB 
1=3 
x [8 dv, dy; (64) 
The probability density function for the random variable y is given by (47) 
fod 
2m 72m d 3 2 m(y-v -~v,)L 
frY)= LL- Me Omer are [g(m,—_-—_=—*) 
[0 (m Ny dy a: 
mv,L m—1 m vib 
” exp(- ==) v,”" exp(- ) 
a: B 
x Le(m,— ee dv,dv,} (65) 
B 
Separating the derivative into two terms results in 
games hese 
2m y2m d 3 Z m(y ~v,-Vv,)L 
f-() 2 KL- )G- 2) Ft g(m, = — 
- (rimyy,” 4% 7, 
L-3 V5 m—] m viL 
x [g(m, * exp( ca ) Vv, exp(- )dv, dv, ; 
B 1B 
Y Y-%3 
d 2 ¢ vi 
aa g me, (- =") 
dy j B 
si m an 
Xx Vv, {- eda )dv, dv, 3] (66) 
B 
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We can now employ Leibnitz’s rule (49) seperately to the two terms. The first term 
































becomes 
hos 
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Again employing Leibnitz’s rule and using (29) we can eliminate the last derivative as 
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So the first term finally becomes 
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The second term becomes 
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Substituting (69) and (70) into (66) we get 
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The probability density function for the random variable y is given by 
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B. BIT ERROR PROBABILITY 
The bit error rate expression of BFSK for the Third Order Selection Combining, 


conditioned on the Signal-to-Noise ratio, is given by [9] 
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In order to obtain the error probability expression of BFSK for the Nakagami- m 


fading channel for the SC-3 technique, we use the following integral 
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Substituting (72) and (73) into (74) we have 
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V. NUMERICAL RESULTS 


In chapters II, III and IV we evaluated the expressions for the bit error rate for 
noncoherent BFSK signals over a frequency non-selective, slowly fading Nakagami-m channel 
using SC, SC-2 and SC-3. In order to illustrate the performance and to compare the three 
techniques, we used MATLAB 5.1 [7] and MATHCAD 7 [8] . The numerical results are 
shown in Figures 5-32. The bit signal-to-noise ratio is selected in the range of 6-20 dB. 
Values of the factor m=0.5, 0.75, 1, 1.5, 2, 3 of the Nakagami-m fading channel were used 
to provide sufficient detail of the performance. 

In Figs. 5-10, the first order Selection Combining (SC) performances are presented 
for diversity orders of L=1, 2, 3, 4, 5 and for the values of m given above. 

In Figs. 11-16, the second order Selection Combining (SC-2) performances are 
illustrated for the same values of m as in Figs. 5-10 and for diversity orders of L=2, 3, 4, 5. 

In Figs. 17-22, the third order Selection Combining (SC-3) performances are shown 
for the same values of m as in Figs. 5-10 and for diversity orders of L=3, 4, 5. 

In Figs. 23-28, the SC, SC-2 and SC-3 performances are presented for each one of 
the above values of m using an arbitrary value for the diversity order is 

In Figs. 29-31, the SC, SC-2 and SC-3 performances are illustrated seperately for all 
previously chosen values of m using values of 2, 3 and 4 for the diversity order. 

In Figs. 5-22, we note that as L increases we have a better receiver performance. As 
m increases we notice that the system performance with smaller diversity order L seems to 


be better than those with larger diversity order L for low values of the signal-to-noise ratio. 
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As the signal-to-noise ratio increases this phenomenon becomes reversed. This happens 
because of the noncoherent combining loss. So in conclusion, a system with a higher diversity 
order L performs better than a system with a smaller L. 

In Figs. 23-28, we can clearly notice that for any value of L or m we choose, the SC-3 
technique performs better than the other two techniques and also the SC-2 technique is 
superior to the SC technique. We can also see that as the order of diversity or the factor m 
increases the performance differences between the three techniques increase 1n favor of the 
greater order technique. So in conclusion, as the order increases the Selection Combining 
techniques correspondingly perform better. 

In Figs. 29-31, we can observe that as the factor m increases the system performs 
better . This happens for all the techniques and 1s something we expected since as m tends to 


infinity the channel becomes non-fading. 
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Figure 5. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.5, using first order Selection Combining (SC) for diversity orders of 
L=1, 2, 3, 4 and 5. : 
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Figure 6. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.75, using first order Selection Combining (SC) for diversity orders of 
L=1, 2, 3, 4 and 5. 
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Figure 7. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 1, using first order Selection Combining (SC) for diversity orders of 
L=1, 2, 3,4 and 5. 
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Figure 8. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 1.5, using first order Selection Combining (SC) for diversity orders of 
L= 1, 2, 3, 4 and 5. 
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Figure 9. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 2, using first order Selection Combining (SC) for diversity orders of 
L=1, 2,3, 4 and 5. 
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Figure 10. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 3, using first order Selection Combining (SC) for diversity orders of 
L=1, 2, 3, 4 and 5. 
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Figure 11. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.5, using second order Selection Combining (SC-2) for diversity 
orders of L = 2, 3, 4 and 5. 
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Figure 12. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.75, using second order Selection Combining (SC-2) for diversity 


orders of L = 2, 3, 4 and 5. 
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Figure 13. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 1, using second order Selection Combining (SC-2) for diversity orders 
of L = 2, 3, 4 and 5. 
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Figure 14. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 1.5, using second order Selection Combining (SC-2) for diversity 


orders of ZL = 2, 3, 4 and 5. 
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Figure 15. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 2, using second order Selection Combining (SC-2) for diversity orders 
of L = 2, 3, 4 and 5. 
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Figure 16. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 3, using second order Selection Combining (SC-2) for diversity orders 


of L = 2, 3, 4 and 5. 
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Figure 17. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.5, using third order Selection Combining (SC-3) for diversity orders 
of L = 3, 4 and 5. 
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Figure 18. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.75, using third order Selection Combining (SC-3) for diversity orders 


of L = 3, 4 and 5. 
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Figure 19. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 1, using third order Selection Combining (SC-3) for diversity orders of 
L=3, 4 and 5. 


45 


Bit Error Probability 





E,/Np in dB 


Figure 20. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 1.5, using third order Selection Combining (SC-3) for diversity orders 
of L = 3,4 and 5. 


46 








Bit Error Probability 





E,/No in dB 


Figure 21. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 2, using third order Selection Combining (SC-3) for diversity orders of 
L=3, 4 and 5. 
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Figure 22. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 3, using third order Selection Combining (SC-3) for diversity orders of 
L=3, 4 and 5. 
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Figure 23. Receiver performance of SC, SC-2 and SC-3 over a Nakagami fading channel 
with m = 0.5, for diversity order of L = 5. 
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Figure 24. Receiver performance of SC, SC-2 and SC-3 over a Nakagami fading channel 
with m = 0.75, for diversity order of ZL = 5. 
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Figure 25. Receiver performance of SC, SC-2 and SC-3 over a Nakagami fading channel 
with m = 1, for diversity order of L = 5. 
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Figure 26. Receiver performance of SC, SC-2 and SC-3 over a Nakagami fading channel 
with m = 1.5, for diversity order of L = 5. 
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Figure 27. Receiver performance of SC, SC-2 and SC-3 over a Nakagami fading channel 
with m = 2, for diversity order of Z = 5. 
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Figure 28. Receiver performance of SC, SC-2 and SC-3 over a Nakagami fading channel 
with m = 3, for diversity order of L = 5. 
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Figure 29. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.5, 0.75, 1, 1.5, 2 and 3 using first order Selection Combining (SC) for 
diversity order of L = 2. 
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Figure 30. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.5, 0.75, 1, 1.5, 2 and 3 using second order Selection Combining (SC- 


2) for diversity order of L = 3. 
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Figure 31. Performance of the non-coherent BFSK receiver over a Nakagami fading 
channel with m = 0.5, 0.75, 1, 1.5, 2 and 3 using third order Selection Combining (SC-3) 
for diversity order of LZ = 4. 


a 





VI. CONCLUSIONS 


The objective of this thesis is the analysis of the Selection Combining techniques for 
a Binary FSK receivers operating over a frequency non-selective, slowly fading Nakagami 
channel. Numerical results are obtained to allow comparisons. 

The SC techniques are in general simple techniques because they can give satisfactory 
performance without an LZ dependency. This is something we desire in order to construct 
simpler receivers. On the other hand these techniques are not optimal techniques, since they 
do not use all the available diversity branches at the same time. But if the diversity order L 
varies as a function of location and time, it is desirable that the receiver have an L 
independency. 

It is shown that a system with a higher diversity order Z performs better than a system 
with a smaller Z. As far as the comparison between the three techniques is concerned, we 
conclude that as the order increases the Selection Combining techniques perform better. 
Finally regarding the Nakagami fading channel, it is shown that as the factor m increases the 


system performs better . 
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